Climate change affects us all, but it is especially severe for older persons. This article brings together what we know about climate change, its relationship to wildfires, and the need to plan for the health impacts on the growing population of at-risk older persons. It also recommends developing a preventative framework for public health and emergency response workers to successfully prevent clinically important health outcomes, including hospitalizations or death of older persons during a wildfire, smoke, or prescribed burn event. Summarizing published research findings and newspaper stories regarding older persons, this article will highlight what we know about wildland fire smoke events.
We often think of climate change as a recent discovery, but the science addressing it has been around for more than 100 years. In 1896, a Swedish chemist named Svante Arrhenius constructed the first climate model, which was published in Philosophical Magazine (Graham, 2000) . He and his colleagues determined that carbon emissions from the burning of fossil fuels were large enough to cause global warming. Arrhenius was trying to explain what caused the Ice Ages when he proposed a relationship between temperature and atmospheric carbon dioxide (CO 2 ). He calculated the Earth's average surface temperature to be approximately 15° C due to the infrared absorption capacity of water vapor and CO 2 . He hypothesized that a doubling of the CO 2 concentration would lead to a 5°C temperature rise. Together with an American geologist, Thomas Chamberlin, they concluded that human activities could warm the Earth by adding CO 2 to the atmosphere. It was not until a century later, in 1987, that this finding was verified (Graham, 2000) Around the same time as Arrhenius's discovery, the Norwegian artist Edvard Munch was at work on an important painting. He described the inspiration for his work:
One evening I was walking along a path, the city was on one side and the fjord below. I felt tired and ill. I stopped and looked out over the fjord-the sun was setting, and the clouds turning blood red. I sensed a scream passing through nature; it seemed to me that I heard the scream. I painted this picture, painted the clouds as actual blood. The color shrieked. (Art Institute of Chicago, 2013) His painting, titled The Scream of Nature, recognized today as The Scream, is considered a modern masterpiece. Whether Munch was aware of Arrhenius's work is subject to speculation. However, it seems plausible that a recent museum visitor might well describe The Scream as capturing the stress to humans and nature of climate change.
Climate Change, Human Health, and Aging
Carbon dioxide is the main driver of climate change, accounting for roughly three fourths of total global emissions. Carbon dioxide and other greenhouse gases (GHGs) accumulating in our atmosphere are caused by human activities. Burning of fossil fuels, especially over the past 50 years, has accelerated climate change. These increasing levels of gases are trapped in the atmosphere and result in temperature rise. Worldwide, GHG emissions in 2010 were estimated to have reached 46 billion metric tons. From 1990 to 2010, CO 2 equivalent increased by 35% while net CO 2 emissions increased by 42% (U.S. Environmental Protection Agency, 2014) . Since the United States began recording surface temperatures (1895), the average surface temperatures have increased by 1.3°F-1.9°F, again primarily due to increases since 1970. The most recent decade set a record, and this trend is expected to continue. Depending on our ability to reign in GHG emissions, the U.S. Global Change Research Program (2014) predicts that by the end of this century increases are expected to be 3°F-5°F or as high as 10°F.
Older persons are recognized as an at-risk population for the consequences, direct and indirect, of climate change (Gamble et al., 2013; Gronlund, Zanobetti, Wellenius, Schwartz, & O'Neill, 2016; Romero-Lankao et al., 2014 ). For example, particle pollution can exacerbate respiratory and cardiovascular disease (CVD) that are common in older persons (Sykes, Moya, Phillips, Penalva-Arana, & Gilbert, 2015) . Physiological changes "including defense mechanisms, decline with age" (U.S. Environmental Protection Agency, 2016). Certain medications (i.e., psychotropic drugs) impair the body's ability to regulate temperature. Studies have found that persons who experience extreme weatherrelated disasters can suffer stress and serious mental health consequences. Mental health is also intricately linked with physical health. And those with chronic physical disorders will likely have their mental health affected directly or indirectly due to the strain of coping (Padhy, Sarkar, Panigrahi, & Paul, 2015) . Older persons frequently have physical and mental health conditions and have functional limitations that can contribute to frailty and disability. Finally, living arrangements are linked to income, health status, and availability of caregivers. How to handle institutionalized or frail persons living independently in the community can be challenging during mandatory evacuations of extreme weather events, including floods, hurricanes, or wildfires.
Wildfire Smoke and Vulnerable Populations
Researchers have conducted a wealth of studies concerning the health effects of air pollution. Many of these studies are relevant to health effects of wildfire smoke because wildfire smoke is comprised of particle pollution. Particle pollution, or particulate matter (PM), is found in the air as a mixture of solid particles and liquid droplets. It is designated by its size: PM 10 and PM 2.5 , with the numbers refering to the aerodynamic diameter in microns of the particle (10 µm and 2.5 µm). Some particles are large enough to be seen with the naked eye, whereas smaller particles require the help of an electron microscope. To provide a perspective on particle size, a human hair is about 60 µm in diameter. The potential health effects of particles depend on the source, the season, and atmospheric conditions, as well as their sizes. Particles from smoke tend to be very small, with a size range near the wavelength of visible light (0.4-0.7 µm), and therefore efficiently scatter light and impact visibility. The smallest particles can penetrate deeply into the body and affect the lungs and heart. Particles larger than 10 µm usually fail to reach the lungs but can irritate the eyes, nose, and throat (U.S. EPA, 2016).
Wildfires and Recent Trends
"A wildfire is an unplanned fire caused by lightning or other natural causes, by accidental (or arson-caused) human ignitions, or by an escaped prescribed fire" (National Park Service, 2016). Another emerging factor is the expansion of the wildland-urban interface. The interface is defined as the area where houses are adjacent or near undeveloped wildland vegetation (Radeloff et al., 2005) . The evidence is mounting that wildfires are increasing in number, size, and severity. Prolonged stretches of record-high temperatures associated with droughts are contributing to dry conditions that promote wildfires (U.S. Global Change Research Program, 2014). Short-term factors that influence wildfires include weather (i.e., winds, temperatures, humidity, lightning storms, the location of fire ignitions, and human causes). Long-term factors include accumulations of hazardous fuels (plants and tree density and debris), nonnative plant invasions, insect infestations, and drought. Researchers have also found significant positive relationships between climate and fire size and between fire size and the proportion of highseverity areas within fires. Studies have also examined how a warmer and drier climate has increased the annual area burned and fire size (Cansler & McKenzie, 2014) .
The U.S. southeastern region leads the country in the number of wildfires, averaging 45,000 fires per year. In the mid-1980s, the incidence of large wildfires in western forests increased. Wildfire frequency was nearly four times the average of 1970 to 1986, and the total area burned by these fires was more than six and a half times its previous level (Westerling, Hidalgo, Cayan, & Swetnam, 2006) . Compared with 40 years ago, wildfires are consuming twice as many acres each year. Between 1983 and 1992, wildfires burned an average of 2.7 million acres per year. Currently, the 10-year average number of acres burned is 7.3 million (National Interagency Fire Center, 2016). Since 1984, rising temperature have caused fires to spread twice as far as expected, burning 16,000 additional square miles (Abatzoglou & Williams, 2016) . The authors expect "anthropogenic climate change and associated increases in fuel aridity to impose an increasingly dominant and detectable effect on western US forest fire area in the coming decades while fuels remain abundant."
Prescribed Burns
The U.S. Forest Service is responsible for the health and welfare of ecosystems and reducing the risk of wildfires.
Some species depend on fires to thrive, and without fires they can disappear. The overcrowding of trees and abundance of living and dead plants can fuel a fire and influence its behavior, affecting an ecosystem (National Park Service, 2016). Prescribed burns can be beneficial to forests by improving habitat for threatened and endangered species. They help recycle nutrients back into the soil and promote the growth of wildflowers, plants, and trees while minimizing the spread of insects and disease. Prescribed burns can protect public health by reducing the risk of harmful, extreme fires. Forest Service specialists propose burn plans that include the best conditions to burn trees and plants safely, considering humidity, moisture of the vegetation, wind, temperature, and conditions to disperse smoke from the prescribed burn (U.S. Forest Service, 2016) .
One tool that can be used when conducting a prescribed burn is mechanical chipping. Mechanical chipping is a method using track vehicles with blades mounted on a forward rotating drum to pulverize woody debris with minimal harm to soils or plant roots. One study that compared using and not using mechanical chipping for prescribed burns in a South Carolina forest discovered considerably lower smoke exposure of PM 2.5 and CO when implementing mechanical chipping (Naeher, Achtemeier, Glitzenstein, Streng, & Macintosh, 2006) . The ramifications of the study have important implications not only for firefighters conducting prescribed burns but also for neighboring communities that could be impacted by downwind smoke.
Literature Review of Research on Health Effects of Wildfires
A literature review of wildfire smoke and human health found 61 epidemiological studies . The review found the majority of the studies focused on areas close to the wildfires and frequently measured exposure using stationary air monitors. The studies examined health outcomes between periods without a fire event and periods during or after the event or compared regions affected and unaffected by wildfire smoke. In most studies, pollution levels during or after the wildfire events exceeded U.S. ambient air-quality standards. PM 10 was the most frequent studied pollutant. The studies found PM levels to be 1.2-10 times higher due to wildfire smoke. A research team conducted a study during the 2007 San Diego wildfire and found the variability of emergency department visits was due to several factors, including PM concentration. Their model predicted that during the peak times of wildfire PM concentrations the odds of going to an emergency department increased about 50%. They also found that demographic variables influenced the respiratory health outcomes from exposure to wildfire smoke (Thelen et al., 2013) A 2014 study found that wildfire-related PM 2.5 was responsible for increased respiratory and cardiovascular hospital admissions. The highest associations were found during a fire compared with before or after the fires and persons aged 65 years and older had the strongest associations (10.0%-17.8% increase per 10 μg/m 3 PM 2.5 ) (Delfino et al., 2009 ). There was limited evidence of a small impact of wildfire-related PM 2.5 on cardiovascular admissions. Asthma admissions increased by about 4.8% across all ages during the wildfires, but not before or after the wildfires. The authors also found a "significantly increased risk of admissions for total cardiovascular outcomes and congestive heart failure after the fires" (Delfino et al., 2009) . Another study conducted in the western United States found an association between short-term wildfire-specific PM 2.5 exposures during severe smoke days and risk of respiratory diseases in elders (Alman et al., 2016) . The weight of the evidence suggests that elders and persons living with chronic conditions are atrisk for the health effects associated with wildfire smoke Liu, Peirera, Uhl, Bravo, & Bell, 2015; Youssouf et al., 2014; Crimmins et al., 2016) . In addition, numerous studies concluded that smoke from wildfires increases the risk of CVD and recommended further research on CVD and wildfire smoke. A recommendation from one research team was to conduct further exploration using new methods that could potentially "help ascertain the public health impacts of wildfires under climate change and guide mitigation policies" (Liu et al., 2015) .
Barriers Faced by Older Persons During Wildfires
The sheer growth of the U.S. aging population has important implications for prevention and evacuations during wildfire smoke events. In 2014, 46 million persons aged 65 years and older lived in the United States (15% of the population) and 6 million were aged 85 years of age or older. The U.S. Census estimates that by 2060, 98 million persons, representing 19.7% of the total population, will be aged 65 years or older, of whom 23.6 million, or 4.7%, will be aged 85 years of age or older (Federal Interagency Forum on Aging-Related Statistics, 2016). Functional limitations often include a combination of the following: mobility, vision, hearing, communication, cognition, and self-care. According to a U.S. Census report, among the 15.7 million older adults living with a disability, two thirds report difficulty walking or climbing. About 22% of noninstitutionalized elders have a disability (Wan & Larsen, 2014) .
In 2014, about 1.2 million people aged 65 years and older resided in nursing homes, and 780,000 lived in residential care communities. The majority of the residents were aged 85 years and older, and about 90% of nursing home residents had mobility limitations and required assistance to walk (Federal Interagency Forum on AgingRelated Statistics, 2016). A recent Canadian review of evacuation procedures found:
Previous evacuations can be associated with: increased morbidity and mortality among nursing home residents, infectious disease among those residing in shelters, exacerbation of mental illness in adults.… There is little evidence on the effectiveness of evacuation to prevent adverse health effects of wildfire smoke exposure in the peer-reviewed and grey literature. (Elliott, 2014) In the case of an evacuation, older persons may need assistance leaving their residence and require supportive services in the shelter or temporary housing. For example, victims of the 2015 Lake and Butte County, California, fires had numerous problems evacuating and receiving shelter. One lucky woman was Marion Bunting, a 72-yearold woman living with Parkinson's disease. When the wildfire drew near, her caretaker was not present. Bunting had neither smelled the smoke nor had she received an official warning about the fire. Fortunately, a neighbor pounded on her door and told her she needed to leave. Although she moves slowly with a walker, Bunting managed to load her cat into the pickup she rarely drives and wound up living in the parking lot of a Red Cross shelter (Romney, 2015) . There were older persons who did not make it out safely: a 72-year-old woman with multiple sclerosis died trapped in her home; three men aged 65 years and older reportedly miscalculated the fire and decided to stay put; a 65-yearold man with one leg remained to protect his property; and an 82-year-old man who, according to a friend, had become depressed and increasingly immobile remained at home. As the fire progressed, loved ones deluged the sheriff's dispatch with calls, reporting on older persons who were bedridden, without cars, standing in the roadway with pets-nearly all of them living alone. "Elderly female alone with Alzheimer's, will not know to leave," read one dispatch entry logged just before midnight on September 12, 2015, 11 hours after the Valley fire in Lake County began its manic progression (Romney, 2015) .
In 2007 At approximately 3:00 p.m., rescuers attempted to evacuate an older couple from their home in advance of a spreading wildfire. A female neighbor aged 64 years came to the home to assist with the evacuation. Rescuers were able to place the wife into a rescue vehicle and her husband, aged 84 years, into the neighbor's vehicle. As both vehicles were leaving the property, rescuers noticed that the second vehicle (with the older man and neighbor) had turned around and returned to the home. Flames from the advancing wildfire overcame both the man and his neighbor. [At another location,] at approximately 6:00 p.m., a man aged 94 years died at his home. The man had refused attempts by emergency responders to evacuate him from his home in the face of the advancing wildfire. (Centers for Disease Control and Prevention, 2007) A report by California-based Center for Disability Issues and the Health Professions at Western University of Health Sciences (Kailes, 2008) stated that "most disaster response systems are designed for people who can: walk, run, see, drive, read, hear, speak and quickly respond to instructions and alerts." The Kailes report highlighted the system's problems addressing the needs of older persons with functional needs and disabilities following the 2007 and 2008 wildfires in southern California. The report described that a deaf community had not received emergency notifications, persons needing power wheelchairs could not be evacuated, and there were problems accommodating persons with medical conditions. The challenges elders face when wildfires approach their living quarters and are asked to evacuate their dwellings need to be fully understood by first responders, caregivers, and long-term care providers.
"Older adults are considered to be at increased risk of health effects attributed to short term exposures to wildfire smoke due to a higher prevalence of pre-existing lung and heart diseases" (U.S. EPA, 2016). The older adult population exhibits significant variability in functional capacity; some are resilient, whereas while others are frail. Understanding frailty is critical to health prevention because it appears to be a chronic progressive process in 90% of adults (Sykes et al., 2015) . Depending on the PM levels, evacuations may be recommended before or after the wildfire smoke event (Elliott, 2014) .
Conclusion
Valuable lessons can often be learned from tragic events, as well as scientific studies examining wildfires and prescribed burns. Personal stories of elders whose lives were impacted by wildfires in California and Texas illustrate the challenges. The rapid growth of the aging population increases the at-risk cohort that will require assistance during wildfire smoke events and mandatory evacuations. At the same time, climate change is magnifying the intensity and scope of wildfires and the increasing use of prescribed burns. A framework to plan for the numbers of older persons and wildfires is needed. Emergency responders need to be prepared to meet the needs of older persons whether they shelter in place or are evacuated to another setting. Although the body of scientific literature on the threats posed by climate change and smoke from wildfires continues to grow, more research is needed to inform the best strategies for protecting the public health of at-risk populations. The pros and cons must be weighed for an evacuation versus sheltering in place with HEPA filters to minimize morbidity and mortality, especially for persons living with respiratory and or cardiopulmonary illnesses. The growing threats from wildfire smoke must be matched with scientific guidance to address the increasing number of older persons and increasing intensity and length of the wildfire season.
